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[57] ABSTRACT

A hydraulic system is provided for powering a steering
unit, a trailer brake and an auxiliary power unit from a
single pump. A control circuit ensures that the hydrau-
lic trailer brake and/or the power steering unit on the
vehicle will operate on a preferential basis over the
auxiliary power unit. The hydraulic control circuit has
two priority valves connected in series. The upstream
priority valve has a priority position in which it makes
the pump fluid available to a supply line for the com-
mon priority flow for the steering and braking appara-
tus and a non-priority position for powering the auxil-
iary power unit. The common priority flow is passed
through the second or downstream priority valve for
priority powering of the power steering circuit.

5 Claims, 2 Drawing Sheets
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LOAD SENSING SYSTEM WITH INCREASING
PRIORITY IN SERIES OF CONTROL VALVES

FIELD OF THE INVENTION

The invention relates to a hydraulic control circuit
which controls the order in which certain of a plurality
of hydraulically operated devices receive pressurized
fluid from a single pump. It is concerned particularly
with a hydraulic control circuit for giving both a trailer
brake and a power steering unit priority over such auxil-
iary devices as piston-and-cylinder type lifts with re-
spect to receipt of pressurized fluid from a single pump
during periods when both the auxiliary device and ei-

ther the steering unit or the trailer brake are to be actu-
ated.

BACKGROUND

Safety considerations make it very important that
hydraulic brake systems and hydraulic steering appara-
tus in vehicles be supplied with pressurized hydraulic
fluid under conditions such that reliable functioning is
assured under all operating conditions. Nevertheless, it
is not unusual for even simple hydraulic systems having
only a single supply pump to be relied upon additionally
to power at least one auxiliary consuming unit, e.g. a
piston-and-cylinder device.

In order to ensure reliable powering of the brake
system and the steering apparatus on a priority basis, it
is common to operate the hydraulic system with the
individual consuming units being switched among each
other, and being protected from each other’s failures by
so-called “priority valves”.

This customary type of control gives rise to disadvan-
tages. A plurality of priority valves must be laid out in
such a way that their response behavior must be well
coordinated. Moreover, the volumetric flow range of
the fluid extends up to the maximum output flow of the
common hydraulic pump. The existence of this bound-
ary condition has heretofore made it difficult to opti-
mize the control circuits with regard to response behav-
ior and space requirements. Consequently, with the
above approach it would be necessary in individual
cases to make sacrifices in terms of substantial flow
losses, i.e., energy losses, in the control circuits.

OBJECTS AND SUMMARY OF THE
INVENTION

An object of the present invention is to provide a
hydraulic control circuit which will minimize problems
of the types encountered heretofore in systems where
priority must be established as between plural hydraulic
devices or mechanisms which must be supplied with
pressurized fluid from a single pump. |

A more particular object of the invention is to pro-
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vide for powering a hydraulic power steering unit and

a hydraulic trailer brake on a priority basis through an
improved hydraulic control circuit distinguished by
reduced energy losses as well as by a simplified struc-
ture.

Still another object of the present invention i1s to
provide an improved priority control for a hydraulic
system in which a single pump supplies power to a
steering unit, a trailer brake and an auxiliary device in
such a way that the steering unit has the highest priority
and the trailer brake is next in priority.

According to the invention, the priority powering of
the steering apparatus and trailer brake is accomplished
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by two “priority valves” connected in series or cascade
fashion. The common priority flow for the steering
apparatus and brake is branched off at the upstream
priority valve so that only this valve must be designed
to accommodate the entire pump flow. The second
priority valve need only be designed to accommodate
the flow of hydraulic fluid required for the steering
apparatus and trailer brake. This provides a new poten-
tial for easier optimization of the response behavior.
Also, there is the additional advantage, in comparison
to customary priority circuits, that it is unnecessary for
the entire pump output to pass through the valves in-
volved. With this arrangement, dissipation losses can be
substantially reduced, considering that the system for
supplying pressurized hydraulic fluid is designed for a
throughput much greater than that necessary for the

hydraulic circuit of the steering apparatus and trailer
brake.

BRIEF DESCRIPTION OF THE DRAWINGS

An exemplary embodiment of the invention will be
described in detail below, with reference to the follow-
ing figures.

FIG. 1 shows a general block circuit diagram of a
hydraulic control circuit for a trailer brake valve; and

FIG. 2 is a circuit diagram of a pressure flow com-
pensator device shown in FIG. 1.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

In FIG. 1, a hydraulic pump 2 supplies the entire
hydraulic system of a truck, utility vehicle, or the like,
which vehicle has a trailer. In particular, the pump 2
powers a power steering apparatus 4, a trailer brake 6,
and at least one auxiliary consuming unit 8 such as a
piston-and-cylinder type lifting device. The pump 2 is
preferably a regulated variable displacement pump
which has associated with it a pressure/flow compensa-
tor device 10 controlled by signals from individual load-
sensing lines. The control circuit for this type of vari-
able displacement pump is shown in FIG. 2 in which S
designates the fluid suction line, L designates a connec-
tion for a relief line 9 to the reservoir for conducting
leakage fluid from the pump 2 as well as surplus control
fluid from the regulating valves 11 and 13. Reference
numerals 11 and 13 designate 3/2-servo valves for the
pressure control line 15 which supply the control cham-
ber 17 of the variable displacement pump. In addition to
providing a pressure regulating function, with this kind
of control the supply flow of the pump can be adjusted
by using the pressure drop p across the respective hy-
draulic power consumers, i.e., across a respective me-
tering orifice of this consuming unit. To this end the
valve spool of valve 11 serves as a pressure differential
control valve which is subjected at one control side by
the pressure in pump line 7 and at its other control side
by the force of an adjustable spring as well as by the
pressure in load-sensing line 19 via the load-sensing
connection X. This valve 11 therefore operates the
stroke mechanism of the variable displacement pump 2
depending on the control pressure differential.

The trailer brake 6 is powered via a trailer brake
valve mechanism 12 depicted in the drawing by a dot-
dash line rectangle. The control lines which transmit
control pressures in the illustrated embodiment are
shown by dash lines in the drawing.
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The control spool 14 of the valve 12 is controlled on

one side by a control line 16 from a tractor brake circuit
shown in block form at 18. On its other side the regulat-
ing slide 14 of the valve 12 is exposed to both the pres-
sure downstream of the regulating slide 14 and to the
force of a spring 20. A pressure limiting valve 22 limits

the maximum pressure in the trailer brake circuit to a
predetermined tolerable level.

The powering of the hydraulic fluid consuming units
4, 6 and 8 1s on a priority basis which assures that the
presence of an auxiliary power unit 8 such as a lift will
not detract from the ability of the system to respond

promptly to the requirements of the steering apparatus
4 and the trailer brake 6. That is, the auxiliary equip-

ment has a lower priority than either the steering or the

braking apparatus.

To power the steering apparatus 4 and the trailer
brake 6 on a priority basis, the hydraulic control circuit
has two 3/2-way priority valves 24 and 26 connected in
series or cascade fashion. The upstream priority valve
24 provides branch paths 28 and 30 for the system volu-
metric flow delivered by the pump 2. The branch path
28 provides a supply line leading to the auxiliary con-
suming unit 8, and the other branch path 30 provides a
supply line for the steering unit 4 and the trailer brake 6.

This latter line 30 is a “priority line”’; its pressure is fed

back to the valve 24 via control line 32 to exert a control
influence on the position of the valve 24 such that this
valve will remain in the illustrated condition until the
demands of the steering and braking units have been
satisfied. |

The priority line 30 carries a common priority flow
for steering apparatus 4 and trailer brake 6 to the down-
stream priority valve 26. The valve 26 provides a
branch path 34 leading to the trailer brake valve 12, and
another branch path 36 leading to the power steering
unit 4. The steering circuit pressure which prevails in
the hydraulic line 36 is fed back to the spool of the
second priority valve 26 via an additional control Iine
38, so that when the steering circuit is adequately pow-
ered there will reliably be an immediate pressurization
of the hydraulic line 34 which inputs to the trailer brake
circuit.

It 1s seen from the preceding that the downstream
priority valve 26 does not need to be designed to handle
the flow of the entire pump output (e.g., 150 liter/mi-
nute), but only to handle the priority volumetric flow as
required by the power steering circuit and the trailer
brake circuit.

Valve 26 acts as a pressure differential control valve
which controls the pressure drop across the metering
edge of the steering unit at a constant value. As long as
the pressure drop is at that value and additional fluid
flow is available, this additional fluid flow will be sup-
plied to the trailer brake circuit.

Valve 24 principally acts in the same way controlling
the pressure drop either for the steering or for the trailer
brake. For this reason a shuttle valve 39 is provided
which selects the respective higher load in load sensing
lines 41 and 43 respectively. If sufficient fluid flow for
brake or steering is available, auxiliary consumers 8 can
be supplied by line 28.

As discussed, valve 26 acts as a pressure differential
control valve for controlling the pressure drop across
the metering edge of the steering unit 4 at a constant
value. The valve 26 is spring biased and biased by fluid
pressure in lines 43¢ and 38 so as to switch between a
priority position of supplying fluid pressure from line 30
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through line 3 to the steering apparatus 4. The valve 26
is capable of moving to the right, as shown in FIG. 1, in
order to supply fluid pressure from the conduit 30
through the conduit 34 and, dependent on the posttion
of the valve 14, to the trailer brake 6. The valve 26 is
subjected to fluid pressure on the left hand side, as

shown in FIG. 1, via conduit 38. The valve 26 is also
subjected to the spring pressure on the right hand side

as shown in FIG. 1 and to fluid pressure as provided
through conduit 43q on the right hand side of the valve
via line 43a. The steering apparatus 4 provides an out-
flow through line 43 to the line 38 through a fixed or1-
fice. The pressure fluid therein is transferred to the left
hand side of valve 26 as shown in FIG. 1. The hydraulic
fluid in line 43 is also transferred, via line 435 to line 434
to the right hand side of the vaive 26 and to a shuttle
valve 39. The shuttle valve 39 also receives fluid pres-
sure from line 41 which supplies the pressure to the
tratler brake 6. The hydraulic pressure of line 41 1is
provided to the right hand side of shuttle valve 39.

As discussed, valve 26 gives first priority to the steer-
ing apparatus 4. Accordingly, the spring pressure and
fluid pressure in line 435 tends to bias the valve 26 to the
position shown in FIG. 1 so as to constantly provide for
fluid supply to the steering apparatus 4 and a constant
pressure drop across the valve 26 through the lines 30
and 36. The second priority of the hydraulic control
system 1s to provide hydraulic pressure to the trailer
brake 6. When the pressure in conduit 38 is sufficient to
overcome the hydraulic pressure in line 43¢ and the
spring pressure combined therewith, the valve 26 will
shift so as to provide hydraulic pressure from line 30 to
conduit 34 and, subsequently, to the trailer brake 6.
Accordingly, it can be seen that as lines 41 and 43 are
load-sensing lines, the hydraulic pressure therein will
determine the position of the valve 26. Additionally, the
shuttle valve 39 will always select the respective higher
load in the load-sensing lines 41 and 43. As such, the
shuttle valve 39 will control the position of valve 24 so
as to determine whether or not hydraulic pressure will
be supplied to the auxiliary consumers, e.g., lifts, identi-
fied at reference numeral 8. |

The invention obviously is not limited to the precise
control circuit embodiment illustrated in the drawing.
Various modifications will suggest themselves readily.

- Generally, instead of the trailer brake circuit, another

consuming unit may be controlled in the manner ac-
cording to the invention, so that the powering of that
unit will have priority over that of another consuming
unit. Also, more than one of the auxithary consuming
units may be in the system and supplied from line 28.
Thus, the invention makes available a hydraulic con-
trol circuit for powering from a single pump multiple
hydraulic fluid consuming units according to a priority
hierarchy in which an auxiliary unit has the lowest
standing, a power steering unit has the highest priority
and a trailer brake has an intermediate standing. To
ensure that the hydraulic brake apparatus and/or the
power steering unit on the vehicle will operate on a
preferential basis over the auxiliary consuming units,
the hydraulic control circuit has two priority valves
connected In series or cascade fashion. In the priority
setting of the upstream priority valve, the pump output
will be available to supply the power steering unit or the
trailer brake. This common priority flow is passed
through the downstream priority valve for priority
powering of the steering circuit. After the existing de-
mands from both the steering circuit and the trailer
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brake have been satisfied, the upstream priority valve
may move to an alternative location wherein the pump
output supplies the auxiliary consuming unit(s).

The principles, preferred embodiments and modes of

operation of the present invention have been described
in the foregoing application. The invention which is
intended to be protected herein should not, however, be
construed as limited to the particular forms disclosed, as
these are to be regarded as illustrative rather than re-
strictive. Variations and changes may be made by those
skilled in the art without departing from the spirit of the
present invention. Accordingly, the foregoing detailed
description should be considered exemplary in nature
and not limited to the scope and spirit of the invention
as set forth in the appended claims.
What is claimed is:

‘1. A hydraulic control circuit for at least two priority
consuming units which are to be powered on a priority
basis from a pump that is also relied upon to power at
least one auxiliary consuming unit, said hydraulic con-
trol circuit comprising:

a first priority valve being supplied by said pump and
having;

a priority position in which the fluid supplied by
said pump is made available to a priority line for
supplying the demands of said priority consum-
ing units, and |

a non-priority position in which the fluud supplied
by said pump is made available to supply the
demands of said auxiliary consuming units; and
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a second priority valve connected to said priority line
so as to be in series with said first priority valve,
said second priority valve having;

a first position in which fluid from said priority line
is made available to satisfy the demands of a most
preferred one of said priority consuming units,
and

a second position in which fluid from said priority
line is made available to satisfy the demands of a
less preferred one of said priority consuming
units.

2. A hydraulic control circuit according to claim 1,
wherein said most preferred priority consuming unit is a
power steering apparatus and said less preferred prior-
ity consuming unit is a trailer brake.

3. A hydraulic control circuit according to claim 2,
wherein the amount of the common priority flow for
the power steering apparatus and the trailer brake is a
fraction of the total controllable flow volume from the
pump to said first priority valve. |

4. A hydraulic control circuit according to claim 3,
wherein the second priority valve is controlled by a
load indicating line from the power steering apparatus
so that said second priority valve moves from its first
position to its second position after the demands of said
power steering apparatus have been met.

5. A hydraulic control circuit according to claim 2,
wherein the second priority valve is controlled by a
load indicating line from the power steering apparatus
so that said second priority valve moves from its first
position to its second position after the demands of said

power steering apparatus have been met.
x ®x »x X X
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